
SECTION 625

MANHOLE CONSTRUCTION AND DROP SEWER CONNECTIONS

625.1 DESCRIPTION:

625.1.1 Sewer Manholes: Construction shall consist offurnishing all materials and constructing manholes complete in place, as
detailed, including foundation walls, cast iron steps, manhole frames, covers, and any incidentals thereto, at locations shown on
the plans.

625.1.2 Drop Sewer Connections: Construction shall consistoffurnishing all materials and constructing drop sewer connections
complete in place as detailed, including foundation materials, pipe, and any incidentals thereto, at locations shown on the plans.

625.2 MATERIALS:

Unless otherwise shown on the plans or specified in the special provisions, materials to be used shall conform with the following:

Bricks for manholes Section 775.

Cement mortar for manholes Class D, Section 776.

Concrete for manholes Class A, for drop sewer connection Class C, Section 725.

Pipe used in manholes or drop sewer connections shall comply with pipe requirements of Section 615.

Manhole frame, cover and steps Section 787 and cast in accordance with standard details.

Plastic manhole steps, which conform to O.S.H.A. and A.S.T.M. C-487 requirements, and steel manhole steps, which are
completely encapsulated in corrosion resistant rubber and conform to O.S.H.A. and A.S.T.M. C-478 requirements, may be
substituted for cast iron manhole steps. The manufacturer shall furnish the Engineer a certification indicating conformance.

625.3 CONSTRUCTION METHODS:

625.3.1 Manholes: Manholes shall be constructed ofbrick, ofprecast concrete sections, or of cast in place concrete with cast
iron manhole steps, frames and covers, in accordance with the standard details. The invert channels shall be smooth and semi
circular in shape, conforming to the inside of the adjacent sewer sections. Changes in direction of flow shall be made with a
smooth curve, having a radius as large as the manhole will permit. Changes in size and grade of the channels shall be made
gradually and evenly.

Invert channels may be formed ofconcrete or brick masonry having a smooth plastered surface, may be half tile laid in concrete
or brick, or may be constructed by laying full section of sewer pipe through the manhole and breaking out the top halfafter the
surrounding concrete or brick masonry has hardened. The floor ofthe manhole outside the channels shall be smoothed and shall
slope towards the channels.

The excavation shall be made cylindrical to a diameter sufficient in size to permit sheeting if necessary and leave room that the
bricks may be laid in a workmanlike manner and the outside plaster coat properly applied or the precast concrete sections or forms
may be properly assembled.

A concrete foundation ofClass A concrete shall be poured in accordance with the Standard Details and Section 505.

Brickwork shall not be laid upon a concrete foundation less than 24 hours after such foundation has been poured. No brickwork
shall be laid in water, nor, except as prescribed for curing, shall water be allowed to stand or run on any brickwork until the mortar
has thoroughly set. Where new work is joined to existing unfinished work, the contact surfaces of the latter shall be thoroughly
cleaned and moistened.

Bricks shall be thoroughly moistened prior to placing, and shall be laid in full cement mortar beds. Every course may be a header
course, but at least every fourth course shall be a header course. The horizontal cross section of the manhole shall be circular
unless otherwise called for on the plans or standard details. An oval or egg-shaped section will not be permitted. A double row
lock course ofbrick in the manhole wall shall be arched over the top halfofthe circumference ofall inlet and outlet pipes. The
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SECTION 625

brick manholes shall be plastered outside with liz inch ofcement mortar as shown on the standard details. Inside of brick wall
shall be neatly pointed. The plaster coat shall be cured with a liquid membrane-forming compound conforming with Section 726
immediately after plaster has been placed and finished.

Frame and Cover. All machined surfaces on the frame and cover shall be such that the cover will lie flat in any position in the
frame and have a uniform bearing through its entire circumference. Any frame and cover which creates any noise when passed
over by automobiles shall be replaced. Frames shall be set firmly in a bed ofmortar true to line and grade, all as shown on the
plans and as called for in these specifications.

Backfilling shall be done in accordance with the requirements for trench backfilling as stated in Section 601.

625.3.2 Drop Sewer Connections: Drop sewer connections shall be constructed in conformance with standard details, as the
case maybe.

Backfilling shall be done in accordance with the requirements for trench backfilling as stated in Section 601.

625.4 MEASUREMENT:

Measurement will be per manhole installed, complete in place, regardless of depth.

625.5 PAYMENT:

Payment will be made at the unit price bid each manhole, and shall be compensation in full for furnishing and installing manhole,
complete, with formed invert, concrete foundation, ladder rungs, cast iron frame and cover, excavation and backfill, paving cut
replacement in excess ofthe applicable pay widths authorized in Section 336, and any incidentals thereto, in conformance with
the plans and specifications.

Payment will be made at the unit price bid each, and shall be compensation in full for furnishing and installing vitrified clay pipe
sanitary sewer drop connections, concrete encasement, excavation, backfilling, water settling, compaction, sheeting and bracing,
removal of obstructions, paving cut replacement, in excess of the applicable pay widths authorized in Section 336, testing, and
all work incidental thereto in conformance with the plans and specifications.

---------------- £nd of Section ----------------
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CLASS 'A' CONCRETE
PER SECT. 725, 505

PIPE SIZE & ELEVATION
AS SHOWN ON PLANS

TROWEL FINISH

MANHOLE
STEPS PER
SECT. 625

48" I.D. FOR 8" - 14" PIPE
60" I.D. FOR 15" - 30" PIPE

MANHOLE RING & COVER
PER DETAIL 423,
424 & 425

/I\-o--------MANHOLE TO BE
BRICK OR PRECAST
PER SECT. 625
BRICK SHALL BE N
IN ACCORDANCE
WITH SECT. 775

1: 3 CEMENT PLASTER COAT
OUTSIDE OF PLASTER WITH
MEMBRANE TYPE CURING
COMPOUND IMMEDIATELY
AFTER PLASTER HAS BEEN
PLACED & FINISHED, "HUNT
PROCESS" OR EQUAL

COURSE BRICK IN MORTAR
OR CLASS 'c' CONCRETE
PER SECT. 725, 505

PROVIDE PRECAST --~
ADJUSTMENT RINGS
OR BRICK AND MORTAR
COLLAR OR COMBINATION
NOT TO EXCEED
12" TOTAL

COMBINED CURB
AND GUTTER

=OCJ

DETAIL NO.

421
AA.~ARlca"'A STANDARD DETAL

./~,A='::::::;. ENGLISH OFFSET MANHOLE 8- TO 30- PIPE
REVIS D DETAIL NO.

421
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SECT. 625

DETAIL NO.
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SECTION 701 – REVISED 8-17-11 
 

AGGREGATE 
 

701.1 GENERAL: 
 
Coarse and fine aggregates are defined in accordance ASTM D-2487. Material property requirements for specific uses are 
provided in applicable MAG sections. 
 
701.2 COARSE AGGREGATE: 
 
Rock and gravel shall be clean, hard, sound, durable, uniform in quality, and free of any detrimental quantity of soft, friable, 
thin elongated, or laminated pieces, disintegrated material, organic matter, oil, alkali, or other deleterious substance. Aggregate 
sources shall include, but not be limited to alluvial deposits, terrace aggregates, quarry stone, or other suitable sources 
including recycled products that meet all material test requirements as approved by the Engineer. Aggregate classification shall 
be made by size as noted herein. 
 
Apparent specific gravity shall be at least 2.6550, when tested in accordance with ASTM C-127. 
 
701.2.1 Boulders: Particles of rock that will not pass a 12-inch square opening. 
 
701.2.2 Cobbles: Particles of rock that will pass a 12-inch square opening, but are retained on a 3-inch square opening. 
 
701.2.3 Coarse Gravel: Particles of rock that will pass a 3-inch U.S. standard sieve, but are retained on a 3/4-inch U.S. 
standard sieve. 
 
7.01.2.4  Fine Gravel: Particles of rock that will pass a 3/4-inch U.S. standard sieve, but are retained on a No. 4 U.S. standard 
sieve 
 
701.3 FINE AGGREGATE (SAND): 
 
Fine aggregate (sand) shall be fine granular material produced by the crushing of rock or gravel or naturally produced by 
disintegration of rock and shall be sufficiently free of organic material, mica, loam, clay, and other deleterious substances to be 
thoroughly suitable for the purpose for which it is intended. Fine aggregates particles shall pass a No. 4 U.S. standard sieve, but 
are retained on a No. 200 U.S. standard sieve.  
 
701.4 SAMPLING AND TESTING: 
 
Samplings and sieve analysis of aggregates shall be performed in accordance with ASTM D-75 and ASTM C-136.  
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BASE MATERIALS 
 
702.1 GENERAL: 
 
Base materials shall be as defined in Section 701, consisting of appropriately sized coarse and fine aggregates, other 
inert materials, and/or aggregates that have been treated for plasticity index mitigation, as approved by the Engineer. 
 
When base material without further qualification is specified, the Contractor shall supply Aggregate Base Course as 
defined in Table 702-1. When a particular classification of base material is specified, the Contractor may substitute 
any higher classification of base material for the specified classification. 
 
The Contractor shall notify provide the Engineer, in writing, material information and the source location at least 10 
days prior to use of the material unless the material is currently acceptabled for use, as determined by the Engineer. 
 
702.1.1 Aggregate Base Course shall be used primarily in roadway applications or where otherwise specified by 
project special provisions.   
 
702.1.2 Select Material shall be primarily used, but not limited to applicable structure and pipe backfill installations, 
shoulders, turnouts, driveways, and tapers or where otherwise specified by project special provisions. 
  
702.2 PHYSICAL PROPERTIES: 
 
702.2.1 Base material shall meet the physical properties listed in Table 702-1. 
 

Table 702-12 
Sieve Analysis 

Test Methods AASHTO T-27, T-11 
Sieve Size Accumulative Percentage Passing Sieve, by Weight 

Select Material Aggregate Base Course 
Type A Type B 

3 in. 100 - - - - 
1-1/2 in. - - 100 100 

1 in. - - - - 90 – 100 
No. 4 30 - 75 30 - 70 38 - 65 
No. 8 20 - 60 20 - 60 25 – 60 

No. 30 10 - 40 10 - 40 10 – 40 
No. 200 0 - 12 0 - 12 3 – 12 

Plasticity Index 
Test Methods AASHTO T-89 Method A, T-90, T146 Method A 

Maximum allowable value 5 5 5 
Fractured Face, One Face  

Test Method ARIZ 212, One FacePercent by Weight of the Material Retained on a #4 Sieve 
Minimum required value 30 30 30 

Resistance to Degradation and Abrasion by the Los Angeles Abrasion Machine 
Test Method AASHTO T-96, Percent Loss by Weight 

Maximum allowable value 
at 100 revolutions 

10 10 10 

Maximum allowable value 
at 500 revolutions 

40 40 40 

 
702.2.2: Base material that does not meet Table 702-1 properties may be approved at the Engineer’s discretion if the 
R-Value is at least 70 when determined by test method AASHTO T-190. 
 



SECTION 703 – REVISED 8-17-11 
 

RIPRAP 
 

703.1 GENERAL: 
   
Aggregate for grouted and ungrouted riprap shall meet the requirements of Sections  701.2 and 703.2 unless otherwise stated in 
the project specifications.  
 
Aggregate shall be color-matched with adjacent landscape aggregate if specified on the plans or in the special provisions. 
 
The Contractor shall provide the Engineer, in writing, material information and the source location at least 10 days prior to use 
of the material unless the material is currently acceptable for use as determined by the Engineer. 
 
 
703.2 PHYSICAL PROPERTIES: 
 
Riprap shall have the following physical properties: 
 

(A) The maximum aggregate size shall be 150% of the indicated D50 size and the minimum aggregate size shall be 
50% of the indicated D50 size.  

(B) Aggregate shall be angular and shall not exceed 3:1 ratio for flat and/or elongated pieces when determined by 
ASTM D-4791.  Rounded aggregate shall only be allowed when specified or approved by the Engineer. 

(C) The loss by abrasion in the Los Angeles Abrasion Machine, determined as prescribed in ASTM C-535, shall not 
exceed 40 percent (by weight) after 1000 revolutions. 

LA abrasion test requirements come from Section 701 for quarry stone. 



SECTION 725 – REVISED 8/17/11 
 

PORTLAND CEMENT CONCRETE  
 
725.1 GENERAL: 
 
Portland cement concrete shall be composed of cementitious materials, fine and coarse aggregates, water, and, if 
specified or allowed, certain chemical admixtures and additives. 
 

TABLE 725-1 

CONCRETE CLASSES - MINIMUM REQUIREMENTS 

Class of Concrete Minimum Cementitious Materials 
Content (lbs. per cubic yard) 

Minimum Compressive Strength (1) 
at 28 Days (psi) 

AA 600 4000 

A 520 3000 

B 470 2500 

C 420 2000 

 
 (1) In accordance with section 725.8. 
 
725.2 CEMENTITIOUS MATERIALS: 
 
Cementitious materials to be used or furnished under this specification shall be: 
 
  Portland cement, meeting the requirements of ASTM C-150  
   Type II, low alkali, when no other specific type is specified 
   Type III, low alkali, for high early strength, when applicable or specified 
   Type V, low alkali, when specified in the special provisions for applications requiring high sulfate 
resistance  
 
  Portland Pozzolan Cement ASTM C-595 
   Type IP (MS), when no other specific type is specified 
 
Supplementary Cementitious Materials (SCM) shall not be used as an additional cementitious materials replacement 
in concrete in combination with Portland Pozzolan Cement.   
 
Cementitious materials shall be sampled and tested as prescribed in the applicable ASTM specifications. The 
Contractor shall obtain and deliver to the Engineer a certification of compliance signed by the material 
manufacturer, identifying the cementitious material and stating that the cementitious material delivered to the 
batching site complies with the appropriate specifications. When requested by the Engineer, the Contractor shall 
furnish 3 copies of the cementitious materials certification. The cost of furnishing tested cementitious materials shall 
be considered as included in the contract bid price and no additional allowance will be made therefore. 
 
When suitable facilities, as recommended by the Concrete Plant Manufacturer's Bureau, and approved by the 
Engineer, are available for handling and weighing bulk cementitious materials, such facilities shall be used. 
Otherwise the cementitious material shall be delivered in original unopened sacks that bear the name or brand of the 
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manufacturer. The type of cementitious material, and the weight contained in each sack shall be plainly marked 
thereon.  
 
Cementitious materials shall be stored in such manner as to permit ready access for the purpose of inspection and 
identification, and so as to be suitably protected against damage by contamination or moisture. Should any lot of 
bulk cementitious material be delivered to the site show evidence of contamination, the Engineer may require that 
such lot be removed from the site. 
 
725.2.1 Supplementary Cementitious Materials (Pozzolans):  Supplementary Cementitious Materials to be used 
in concrete or furnished under this specification shall conform to the appropriate ASTM requirements as follows: 
 
Fly ash or natural pozzolan  ASTM C-618 and C-311 
Silica Fume   ASTM C-1240 
 
Up to 25 percent by weight of the Table 725-1 minimum cementitious materials requirements may be an approved 
fly ash or natural pozzolan. Additional pozzolanic material in excess of the minimum Table 725-1 requirements may 
be incorporated into a concrete mix design to achieve enhanced performance, upon approval of the Engineer. 
 
The Contractor shall obtain and deliver to the Engineer a certification of compliance signed by the pozzolan supplier 
identifying the pozzolanic material and stating the pozzolan delivered to the batching site complies with the 
appropriate specifications. The cost of furnishing tested pozzolan shall be considered as included in the contract bid 
price and no additional allowance will be made therefore. 
 
Pozzolanic materials shall be handled and stored in the same manner as other cementitious materials. When facilities 
for handling a bulk pozzolan are not available, the pozzolan shall be delivered in original unopened sacks bearing 
the name and brand of the supplier, the type and source of the pozzolan, and the weight contained in each sack 
plainly marked thereon. 
 
725.3 AGGREGATES:   
 
Coarse and fine aggregate shall conform to the applicable requirements of ASTM C-33.  
 
Coarse aggregate grading requirements shall conform to the appropriate rock size designation in the Grading 
Requirements for Coarse Aggregate,  Table 2.  Fine aggregate grading requirements shall conform to the Fine 
Aggregate Grading section. 
 
The average value of 3 successive sand equivalent samples shall not be less than 70 when tested in accordance with  
AASHTO T-176ASTM D-2419. No individual sample shall have a sand equivalent less than 65. 
 
The loss by abrasion in the Los Angeles Aabrasion Mmachine, determined as prescribed in ASTM C-131, , Grading 
A, shall not exceed 10 percent, by weight, after 100 revolutions nor 40 percent after 500 revolutions. 
 
Coarse aggregates, consisting of crushed rock or gravel or a combination thereof, and fine aggregate shall conform 
to the requirements prescribed in Section 701.3.3. Prior to the delivery of the aggregates and whenever required 
during concrete production, the Contractor shall make stockpiles available to the Engineer for testing. All required 
samples shall be furnished at the expense of the Contractor, and the cost of sampling and testing shall be at the 
expense of the Contracting Agency.  
 
725.4 WATER: 
 
The water used for mixing concrete shall be potable or shall meet the requirements of ASTM C-1602, when tested 
by a qualified independent testing laboratory.  
 
725.5 ADMIXTURES AND ADDITIVES: 

(Note: transferred from Section 701.3.3 with modifications) 
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Admixtures or additives of any type, except as otherwise specified, shall not be used unless identified in the 
approved mix design or authorized by the Engineer. 
 
Water reducing admixtures incorporated into the approved concrete mix design shall meet the requirements of 
ASTM C-494 for the appropriate type. 
 
Air entraining admixtures incorporated into the approved concrete mix design shall meet the requirements of ASTM 
C-260.  
 
Pigments incorporated into the approved concrete mix design for integrally colored concrete shall meet the 
requirements of ASTM C-979.   
 
Fibers incorporated into the approved concrete mix shall meet the requirements of ASTM C-1116. 
 
Any admixtures used shall be included in the price for that item. 
 
 725.6 MIX DESIGN PROPORTIONING: 
 
A concrete mix design carrying the producer's designated mix number for each type of concrete being furnished 
under these specifications shall be submitted to the Engineer at least once each year for approval. Each design shall 
utilize the proper proportioning of ingredients to produce a concrete mix that is homogeneous and sufficiently 
workable to provide a consistent and durable concrete product that meets the specified compressive strength and 
other properties as required by the application. 
 
In the event there is a modification to the mix design proportions: 
 
(A) Modifications that do not require a new mix design submittal/approval: 
 
(1) Modifications which do not result in batch target weights for the fine aggregate or combined coarse aggregates 
changing by more than 5 percent from the original approved mix design. 
 
(2) Modifications to the percentage of coarse aggregate fractions that do not change the total coarse aggregate 
volume. 
 
 (3) Modifications to dosages of chemical or air-entraining admixtures, within the manufacturer’s recommendations. 
 
(4) The incorporation or elimination of chemical admixtures which are listed on the mix design to effect a change 
in the time-of-set (retarders or accelerators). 
 
(B) Modifications that require a new mix design submittal/approval and may require performance verification: 
 
 (1) Modification to the class of concrete per Table 725-1. 
 
 (2) Modification to the type/class/source of cement, fly ash, natural pozzolan, or silica fume. 
 
 (3) Modification to the percentage of fly ash, natural pozzolan, or silica fume. 
 
 (4) Modification to a coarse aggregate size designation. 
 
 (5) Modification of the type of chemical admixture, or the incorporation or elimination, of an air-entraining 

admixture. 
 
 (6) Modification of coarse or fine aggregate source. 
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725.7 MIXING: 
 
All proportioning/batching/mixing equipment shall comply with the standards of the Concrete Plant Manufacturer's 
Bureau and the certification requirements of the Arizona Rock Products Association or National Ready Mixed 
Concrete Association. The proportioning shall consist of combining the specified sizes of aggregates with 
cementitious materials, admixtures/additives, and water as herein provided. No method which may cause the 
segregation or degradation of materials shall be used. 
 
Weighing and metering devices used for the purpose of proportioning materials shall fulfill requirements as to 
accuracy and tolerance prescribed by the Weights and Measures Division of the State of Arizona and shall be sealed 
and certified in accordance with the procedures established by this agency. This certification shall not be over 12 
months old and shall be renewed whenever required by the Engineer. When portable plants are set up at a new or 
temporary location, the scales and scale assembly shall be inspected and certificate issued regardless of the date 
when the scales were last tested. The Engineer may require the Contractor to run a quick scale check at any time 
with certified weights furnished by the Contractor and order the scale recertified if necessary. 
 
Any admixture/additive shall be measured accurately by mechanical means into each batch by equipment or in a 
method pre-approved by the Engineer. 
  
The equipment for measuring and supplying the water in the mixer shall be so constructed and arranged that the 
amount of water to be added to the mixture can be measured, in gallons or by weight. The amount of water shall be 
varied in accordance with the percentage of free moisture in the material and the requirements of the workability of 
the aggregate. 
 
Machine mixing will be required in all cases unless pre-approved by the Engineer.  Regardless of the method 
employed, mixing shall be commenced as soon as possible after the cementitious material is placed in contact with 
the aggregates or water. All concrete mixers shall be of such design and construction, and so operated, as to provide 
a thoroughly and properly mixed concrete in which the ingredients are uniformly distributed. 
 
725.7.1 Paving and Stationary Mixers:  Paving and stationary mixers shall comply with the standards of the 
Concrete Plant Manufacturer's Bureau and the certification requirements of the Arizona Rock Products Association 
or the National Ready Mixed Concrete Association.  
 
Mixers shall be maintained in proper and serviceable working condition, and any part or portion thereof that is out 
of order, or becomes worn to such extent as to detrimentally affect the quality of mixing, shall be promptly repaired 
or replaced. 
 
The proper proportions of aggregate, cementitious materials, admixtures/additives and water for each batch of 
concrete shall be placed in the mixer, and shall be mixed for a period of not less than 50 seconds after all such 
materials are in the drum. 
 
The rotating speed at which the mixer shall be operated shall conform to that recommended by the manufacturer. 
 
The total volume of materials mixed in any one batch shall neither exceed the water level capacity of the mixer nor 
the manufacturer's catalog rated capacity of the mixer. 
 
725.7.2 Transit Mixers:  Transit mixers shall meet the requirements of the Truck Mixer Manufacturer's Bureau and 
the certification requirements of the Arizona Rock Products Association or the National Ready Mixed Concrete 
Association. Ready mix concrete and shall comply with ASTM C-94 except as herein specified. 
 
Each mixer and agitator shall have attached thereto in a prominent place a metal plate or plates, installed by the 
manufacturer, on which is plainly marked the capacity of the drum in terms of the volume of mixed concrete and the 
speed of rotation for the agitating and mixing speeds of the mixing drum or blades. 
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Each mixer shall have an identification number painted on the truck in such a location that it can be easily read from 
the batching platform. 
 
The total volume of materials introduced into the mixer for mixing purposes shall not exceed the manufacturer's 
guaranteed mixing capacity. If the concrete so mixed does not meet the uniformity requirements of this section, the 
amount of materials charged into the mixer shall be reduced. 
 
The rotation speed at which the mixer shall be operated shall conform to that recommended by the manufacturer. 
 
Each batch of concrete placed in the mixer shall be mixed for not less than 70 nor more than 100 revolutions of the 
drum or blades, at the speed designated by the manufacturer of the equipment as mixing speed. Additional mixing 
shall be at the agitating speed designated by the manufacturer of the equipment. The revolving of the drum shall be 
continuous until the concrete is completely emptied from the drum. Before any portion of the materials for any batch 
of concrete is placed therein, the drum of the mixer shall be completely emptied of the previously mixed batch. 
 
At the time of delivery to the job site, the Engineer shall be provided with a legible  delivery ticket which shall 
contain the following information: 
 
 Date and Truck Number. 
 
 `Name of the Supplier. 
 
 Name of the Contractor. 
 
 Specific designation of job (name and location). 
 
 Number of cubic yards in the batch. 
 
 Time the transit mixer is loaded. 
 
 Amount of water added at the job site at request of receiver, and his signature or initials. 
 
 Suppliers' mix design code number. 
 
 Type and amount of admixture or additive that is not already included in the approved mix design, if any. 
 
 Serial number of the ticket. 
 
Additional water may be added on the jobsite in accordance with ASTM C-94 Tolerances in Slump section to adjust 
slump providing the slump after such water addition does not exceed the maximum allowed by these specifications 
in section 725.9 (A) (1) and that water so added is mixed into the batch for a minimum of 30 additional revolutions 
at mixing speed. Loss of cement mortar during discharge which in the opinion of the Engineer would be of sufficient 
amount to affect the homogeneity of the concrete shall be cause for rejection of the load. The Contractor shall be 
responsible for all concrete to which water is added at the job site. 
 
725.7.3 Job Mixed Concrete:  All job mixed materials and procedures shall be pre-approved by the Engineer.  A 
prepackaged commercial product shall be used for job mixed concrete placement in accordance with the 
manufacturer’s recommended procedure. 
 
In lieu of the use of a prepackaged commercial product, individual ingredients for concrete placement shall be 
prepared in a watertight container of suitable volume in batches not to exceed 1/3 cubic yard each. Proportioning of 
batches shall be in accordance with the applicable required mix design in Table 725-1 and section 725.6.  All mixing 
shall be done prior to placement in the forms and in accordance with the following procedure: 
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(A) Mixing shall be done in a mechanical batch mixer of approved type. 
(B) The mixer shall be rotated at a speed recommended by the manufacturer. 
(C) Mixing shall continue for at least 1-1/2 minutes after all materials are in the mixer, unless a shorter time is 
shown to be satisfactory by the mixing uniformity tests of ASTM C-94. 
(D) Materials handling, batching, and mixing shall conform to the applicable provisions of ASTM C-94. 
(E) Suitable records shall be kept to indentify the number of batches, proportions of materials used, and time and 
date of mixing and placement along with the approximate location in the structure.  
 
725.7.4 Dry Batched Unmixed Concrete:  All dry batched unmixed concrete materials and procedures shall be pre-
approved by the Engineer.  An accurate batch weight shall be provided to record the quantities of cementitious 
materials, aggregate, admixtures/additives, and water batched into the containers. The date of batching, the container 
number and the batching certificate number shall be recorded at the time of batching. Copies of the batch weight 
records shall be submitted to the Engineer upon request. 
 
All dry batched unmixed concrete delivered to the job site shall be stored in containers so constructed that the 
cement cannot comingle with the water and aggregate within the container. Any admixture/additive added in powder 
form shall be added to the cement; if added in liquid form, it shall be added to the water. 
 
The contents of the container shall be discharged into a mixer at the job site. Following discharge of the first 
container into the mixer, the mixer shall be operated at mixing speeds during the discharge of the remaining 
containers. After the contents of the last container have been discharged into the mixer, the concrete shall be mixed 
as specified in this specification for transit mixers, and drum or turbine type mixers. 
 
Any spillage of cementitious materials, aggregate, water or admixtures/additives during the filling, transporting, or 
the discharging of the container, shall be cause for rejection of the container or the contents of the mixer if any 
portion of the rejected container is discharged into the mixer. 
 
725.7.5 Volumetric Batching and Continuous Mixing Concrete and Equipment: Volumetric-batching and 
continuous-mixing concrete and equipment may be utilized upon approval of the Engineer for job site concreting 
applications. Material handling, procedures, and operations shall be in accordance with ACI 304.6R, Guide for the 
use of Volumetric-Measuring and Continuous-Mixing Concrete Equipment and all concrete produced and all test 
performed shall be in accordance with ASTM C-685, Standard Specification for Concrete Made by Volumetric 
Batching and Continuous Mixing.  All equipment shall meet the requirements of the Volumetric Mixer Standards of 
the Volumetric Mixer Manufacturers Bureau and shall have a suitable copyrighted rating plate furnished by the 
Bureau and attached to the volumetric mixing equipment.   
 
725.8 TESTS AND TEST METHODS: 
 
725.8.1 Field Sampling and Tests:  Concrete shall be sampled in accordance with ASTM C-172 for determination 
of temperature, slump, unit weight and yield (when required) and air content (when required) as well as for 
fabrication of test cylinders for compressive strength determination at 28 days.  Samples shall be of sufficient size to 
perform all the required tests and fabricate the necessary test cylinders but in no case less than 1 cubic foot. Concrete 
shall be sampled during discharge of the middle portion of the batch.  At the discretion of the Engineer, a sample 
may be obtained at the beginning of the discharge if the properties of the concrete do not appear to be within the 
specification limits for slump or temperature. 
 
All sampling and testing shall be done by a certified technician meeting the requirements of the ACI Concrete Field 
Testing Technician, Grade I or equivalent. 
 
Temperature of the concrete mixture shall be determined in accordance with ASTM C-1064.   
 
Slump of the concrete mixture shall be determined in accordance with ASTM C-143.   
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Air content of the concrete mixture (when required) shall be determined in accordance with ASTM C-231 or C-173, 
whichever is applicable.   
 
Unit weight and yield of the concrete mixture (when required)   shall be determined in accordance with ASTM C-
138.   
 
All compressive strength test specimens shall be made, cured, handled, protected, and transported in accordance 
with the requirements of ASTM C-31. The contractor shall provide and maintain for the sole use of the testing 
laboratory/technician adequate facilities for safe storage and proper curing of concrete test cylinders on the project 
site including sufficient access on weekends and holidays to allow the timely pick-up of cylinders specimens. Any 
and all deviations from the standard procedure of any test method shall be promptly identified and corrected. Any 
deviations shall be clearly noted by the testing laboratory on all written reports. Testing results obtained from non-
standard testing procedures shall be considered invalid and discarded by Engineer. 
 
Sampling and testing performed for concrete acceptance will be at the expense of the Contracting Agency.  
Sampling and testing for the Contractor’s purposes of quality control or other needs shall be at the Contractor’s 
expense. 
 
725.8.2 Concrete Cylinder Test: A cylinder strength test shall be the average of the strengths of at least two 6 inch 
by 12 inch cylinders or at least two 4 inch by 8 inch cylinders made from the same sample of concrete and tested at 
28 days. An adequate number of cylinder specimens shall be made for each 50 cubic yards or not less than each 
half-day’s placement of each class of concrete.  All specimens will be tested in a laboratory approved by the 
Engineer in accordance with ASTM C-39 for concrete acceptance. Should an individual cylinder show evidence of 
improper sampling, molding, curing, or testing, the results shall be discarded and the compressive strength shall be 
the result of the average of the remaining cylinder(s).  Additional cylinder specimens may be made and tested at 
other ages to obtain additional compressive strength information and shall not be considered as acceptance tests. 
Cylinder testing performed for concrete acceptance will be at the expense of the Contracting Agency.  Cylinder 
testing for the Contractor’s purposes of quality control or other needs shall be at the Contractor’s expense. 
  
725.8.3 Additional Concrete Testing: If the 28-day strength test does not meet the compressive strength 
requirements, additional concrete testing may be performed to further evaluate the concrete in question for purposes 
of acceptability or payment. This may involve testing of additional cylinders at later ages, (for example - hold 
cylinders at 56 days or more), or core testing to determine in-place concrete strengths. This additional testing and all 
coring repairs shall be pre-approved by the Engineer and at the expense of the Contractor. If core testing is 
performed, at least three representative cores shall be obtained, conditioned and tested in accordance with ASTM C-
42 from each concrete member or area of concrete to be tested at locations designated by the Engineer. Cores 
damaged subsequent to or during removal shall be rejected and additional core samples taken. Cores shall be 
obtained and delivered to a laboratory acceptable to the Engineer in time to allow complete strength testing within 
48 days of original concrete placement. The Contractor may elect to have a representative present during sampling 
and testing. A core strength test shall be the average of the results of the three cores. Should an individual core show 
evidence of improper sampling, curing, or testing, the results shall be discarded and the compressive strength shall 
be the result of the average of the remaining core(s). Results of the core strength testing shall replace the results of 
the cylinder strength test for that sample. 
 
725.9  ACCEPTANCE: 
 
(A) Plastic Concrete Properties 
 
(1) The slump of the concrete shall meet the requirements of ASTM C-94 Tolerances in Slump section.  When the 
approved mix design or project specification requirements for slump are a “maximum” or “not to exceed”, the 
following tolerances apply: 
 
  Specified slump:   If 3” or less  If more than 3” 
  Plus tolerance    0 inch   0 inch 
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  Minus tolerance   1 1/2 inch  2 1/2 inch 
 
When the approved mix design or project specification requirements for slump are not written as a “maximum” or 
“not to exceed”, the following tolerances apply: 
 
  For design slump of:   Tolerance 
  2 inch and less   +/- 1/2 inch  
  More than 2 through 4 inch  +/- 1 inch 
  More than 4 inch   +/- 1 1/2 inch 
 
(2) Limit the maximum allowable temperature of the concrete mixture immediately before placement to 90 degrees 
F unless otherwise specified or unless a higher allowable temperature is pre-approved by the Engineer. At the 
discretion of the Engineer, recommended practices in ACI 305, Specification for Hot Weather Concreting, can 
provide good reference information and may be used to modify maximum allowable concrete temperature and 
acceptance. 
 
Per ACI 306, Specification for Cold Weather Concreting, when the atmospheric temperature at the time of placing 
concrete is above 30°F the temperature of the concrete, as placed, shall not be less than 60°F.  When the 
atmospheric temperature at the time of placing concrete is between 0°F and 30°F the temperature of the concrete, as 
placed, shall not be less than 65°F. 
 
(3) Air entrained concrete shall meet the requirements of ASTM C-94 Air-Entrained Concrete section.  The air 
content of air-entrained concrete when sampled from the transportation unit at the point of discharge shall be within 
the approved mix design tolerance or +/- 1.5 % of the specified value.  When a representative sample taken prior to 
discharge shows an air content below the specified level by more than the allowable tolerance, additional air 
entraining admixture shall be added to the concrete mix to achieve the desired air content level, followed by a 
minimum of 30 revolutions at mixing speed. 
 
 (4)  Per ASTM C-94 Mixing and Delivery section, discharge of the concrete shall be completed within 1 1/2 hour 
after the introduction of the mixing water to the  cementitious materials or the introduction of the cementitious 
materials to the aggregates.  The Engineer may allow the continuation of concrete placement after the 1 1/2 hour 
time limit has been reached if the concrete is of such slump or workability that it can be placed without the addition 
of water to the batch. 
 
Any concrete failing to meet the tolerances for plastic concrete properties in 725.9 (A) (1) through (4) shall be 
reviewed by the Engineer and is subject to rejection. 
 
(B) Hardened Concrete Properties – Compressive Strength 
 
Compressive strength of concrete shall be determined on the basis of cylinder strength tests obtained in accordance 
with section 725.8.2 and shall be acceptable if the tests meet or exceed the minimum specified strength. When the 
validity of cylinder strength tests are suspect, the strength of concrete in question shall be determined in accordance 
with section 725.8.3. 
 
When compressive strength test results are less than the specified minimum, an Engineering Analysis to determine 
the impact of the strength reduction may be required by the Engineer prior to the decision to accept or reject the 
concrete. The Engineering Analysis will be at the Contractor’s expense.  Any concrete that is rejected by the 
Engineer shall be removed and replaced by the Contractor at the Contractor’s expense. 
 
When concrete is accepted by the Engineer on the basis of test results of less than 100% of the required minimum 
compressive strength, an adjustment in the concrete unit price may be made for the quantity of concrete represented 
by such strength tests in accordance with Table 725-2. 
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TABLE 725-2 

Adjustment in Concrete Unit Price Based on Strength Deficiency 

Class AA and Class A 
 

Class B and Class C 
 

Percent of Specified Minimum 
28-day Compressive Strength 

Attained (Nearest 1%) 
Percent of Concrete 
Unit Price Allowed 

Percent of Specified Minimum 
28-day Compressive Strength 

Attained (Nearest 1%) 
Percent of Concrete 
Unit Price Allowed 

100 % or greater 100 100 % or greater 100 

98-99 90 95-99 95 

96-97 85 90-94 90 

95 80 85-89 85 
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MASONRY MORTAR AND GROUT 
 
776.1 GENERAL: 
 
Masonry mortar and grout shall consist of a mixture of cementitious material and aggregate to which sufficient 
water has been added to bring the resulting mixture to the desired consistency. 
 
Table 776-1 and 776-2 indicates the average compressive strength obtained when the cementitious material, 
aggregate, and water (the required amount to provide a flow of 110±5 percent) are combined in the proportion 
shown in Table 776-3 and 776-4. 
 
The mortar or grout to be used will be designated by class in the special provisions and the correct proportions of 
cementitious materials and aggregate will be combined with the minimum amount of water to provide a workable 
mixture. 
 
Retempering of the mortar or grout will not be a standard practice and the Engineer's approval will be required for 
any exception. 
 

TABLES 776-1 & 776-2 
MASONRY MORTAR AND GROUT COMPRESSIVE STRENGTH 

Table 776-1 
Masonry Mortar 

Table 776-2 
Grout 

Type Compressive Strength 
28 Days (psi) Type Compressive Strength 

28 Days (psi) 
A 
B 
C 
D 
M 
S 

5500 
5000 
4000 
3000 
2500 
1800 

Fine Grout 
Coarse Grout 

 
 
 

2500 
2500 

 
TABLE 776-3 

MASONRY MORTAR PROPORTIONS BY VOLUME 

Type Portland 
Cement 

Hydrated 
Lime 

Aggregate 
ASTM C-144 

A 
B 
C 
D 
M 
‘S 

1 
1 
1 
1 
1 
1 

0 
0 
0 
0 

1/4 
1/2 

1 
1 1/2 

2 
2 1/2 

2 1/4 to 3 
2 1/4 to 3 

 
*Masonry cement type S may be substituted for the cementitious material.  Prior approval of the Engineer is 
required. 
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TABLE 776-4 
GROUT FOR REINFORCED MASONRY PROPORTIONS BY VOLUME FOR FIELD BATCHING 

Type Portland 
Cement 

Fine 
Aggregate 

(ASTM C-404) 

Coarse 
Aggregate 

(ASTM C-404) 
Fine Grout 

Coarse Grout 
1 
1 

2 1/4 to 3 
2 1/2 

0 
1 to 2 

 
776.2 PORTLAND CEMENT: 
 
The cement used shall conform with Section 725. For volumetric proportioning an unopened sack of cement 
weighing 94 pounds shall be considered as having a 1 cubic foot volume. 
 
In proportioning the cement, it shall be measured loose, without shaking or compacting, in measuring devices of 
known capacity. 
 
776.3 AGGREGATE:   
 
The All aggregate used shall conform with Section 701. It shall be approved by the Engineer prior to being utilized 
on the job. Any change of course will require additional approval or this neglect will be considered as sufficient 
cause for rejection of work. 
 
Fine aggregate (sand) to be used in mortar shall be thoroughly and uniformly washed and shall be entirely free from 
oil and deleterious substances.  The size and grading of fine aggregate shall conform to the applicable requirements 
of ASTM C-144. 
 
Fine or coarse aggregate to be used in masonry grout shall be thoroughly and uniformly washed and shall be entirely 
free from oil and deleterious substances.  The size and grading of fine or coarse aggregate shall conform to the 
applicable requirements of ASTM C-404. 
 
The average value of sand equivalent determined on 3 successive samples shall not be less than 70 when tested in 
accordance with ASTM D-2419.. No individual sample shall have a sand equivalent less than 65. 
 
In proportioning the aggregate, it shall be measured damp, loose without shaking or compacting, in measuring 
devices of known capacity. 
 
776.4 MASONRY CEMENT: 
 
Masonry cement used shall conform to ASTM C-91 with the exception that the average compressive strength shall 
not be less than 2500 psi at 28 days. 
 
776.5 HYDRATED LIME: 
 
Hydrated lime used shall conform to ASTM C-207, Type S. 
 
776.6 WATER: 
 
The water used shall conform to section 725. 
 
776.7 ADMIXTURES: 
 
Admixtures, unless prescribed in the special provisions, will not be used without prior approval of the Engineer. 

(Note: Transferred from Sections 701.3.2 and 701.3.4 with modifications) 
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776.8 TESTS: 
 
776.8.1 Mortar:  If in the opinion of the Engineer there is sufficient cause to question the quality of the mortar 
being utilized, random field test in accordance with ASTM C-780 Annex A-1 and A-6 will be performed. For this 
area, the penetration of the cone penetrometer correlating to a flow of 110± 5 percent is 40± 3 mm. 
 
776.8.2 Grout:  If required, tests shall be performed in accordance with Uniform Building Code Standard No. 24-23 
Section 24.2301. 
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